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Natural and laboratory-prepared metal
adducts of soil fulvic acids (FA) were
subjected to flash pyrolysis to assess
the effect of cations in the products
released. Striking differences were
found as regards the type, concentra-
tion and speciation form of the metal
(Fe, Al, Mn and Cr). Long-chain al-
kylbenzenes were characteristically re-
leased from the natural and laborato-
ry-prepared metal adducts of Fe and
Al. The cation-induced effects were
not observed in physical mixtures of
FA with the corresponding oxides or
salts. The results suggest processes as
(a) formation of non-volatile organo-
metallic adducts, (b) metal-catalysed
alkylation of aromatic fragments, and/
or (c) cation-dependent changes in the

thermal stability of the three-dimen-
sional, paracrystalline structures of the
FA.
Pyrolysis – gas chromatography/mass
spectrometry (Py-GC/MS) is a widely
used technique in the structural eluci-
dation of a variety of natural macro-
molecules such as the complex, recal-
citrant and polyfunctional organic
fractions in soils and sediments, gen-
erically referred to as humic sub-
stances (HS).
Analytical pyrolysis was first applied
to the molecular characterization of
HS two decades ago [1–5]. These pio-
neering works were severely criti-
cized, mainly due to the fact that the
mechanisms of pyrolysis were particu-
larly obscure. Nevertheless, in the late

1980s this technique became very
popular, and a wealth of works on
pyrolysis of HS have been published
in the past few years.
The HS are classified by standard op-
erative criteria based on their pH-de-
pendent solubility. The fulvic acids
(FA), which are soluble in the H+

form, are the less studied humic frac-
tions. In spite of the low mol. wt. of
FA, pyrolysis of FA gives low yields
of volatile compounds, whereas pyro-
lysis of the other HS (humic acids
and humins) gives much richer pyro-
grams, the major products being char-
acteristic for carbohydrates, lipids and
lignins. These analytical problems are
related to pyrolysis of organic ma-
trices with free carboxyl groups [6].
Based on pyrolysis studies, some
authors have recently postulated a FA
structure consisting of polycyclic hy-
drocarbons connected by alkylaro-
matics units [7]. This model is ques-
tioned by other authors, arguing that
most products may be pyrolysis arte-
facts [8].
So far the pyrolytic studies on FA
have been carried out with purified
FAs in the H+ form; however, because
of their high chemical reactivity, the
FAs occur in soil linked to clay
minerals, oxides and cations.
Significant effects of mineral matrices
on flash pyrolysis and pyrolysis-field
ionization have been reported for soil
humic acids [9], lignocellulosic prod-
ucts [10, 11], polysaccharides [12,
13], coals [14] and kerogens [15–17].
In this study we studied by Py-GC/
MS three natural FA metal adducts
extracted in acid media from Podzol


